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economics of reliable and safe plant operation has been driving the power generation industry towards 
remaining life prediction. The plant is conservatively designed on the basis of assumed process transients 
whilst their actual lives exceed the designed life estimates. The ageing effects of fatigue, creep, creep-fatigue 
interaction and creep-fatigue crack growth are the most common causes of component failures.  
The paper discusses the finite element (FE)-based real-time monitoring system which is in use at one of the 
thermal power stations of NTPC Ltd. The details of the operation of the monitoring system are described in [7-
9]. This system is also being in operation in several other heavy water and thermal power plants and the details 
are discussed in Ref. [10-12]. The candidate components which are continuously being monitored round the 
clock are superheater outlet header, reheater outlet header, reheater inlet header and the hot reheat pipe bends 
(left and right) before the control valves of the intermediate pressure turbine cylinder. The system acquires the 
thermal-hydraulic process parameters, computes the material response using the finite element analysis and 
estimates the creep and fatigue usage factors being accrued by the components. 
2. Real-time damage monitoring system 
The critical components of boiler and high-energy piping operating at an elevated temperature are being 
monitored on a real-time basis by a FE-based on-line centralised creep-fatigue damage assessment system 
coined as BOSSES (BARC On-line Structural Safety Evaluation System) developed by Reactor Safety 
Division of  Bhabha Atomic Research Centre, Trombay, Mumbai. The monitoring system is installed at 
NETRA (NTPC Energy Technology Research Alliance), NTPC Ltd., Greater Noida, U.P., India. The system 
monitors 20 components of four units of 210 MW of NTPC Ltd. The component specific thermal-hydraulic 
process parameters (i.e., steam pressure, steam temperature and steam flows) are being acquired on a pre-
defined interval by a centralised plant-information (PI) server of the power station.  
The monitoring system has been implemented for selected critical components of the four units. Some of the 
components under monitoring are superheater outlet header (SHOH), reheater inlet and outlet header (RHIH and 
RHOH) and the hot reheat pipe bends (HRHL and HRHR) etc. SHOH is one of the most critical components 
operating in the creep regime with a hydraulic pressure of 155 kg/cm2 and 540°C. The gross dimensions of 
SHOH are 406.4 mm (OD) x 75 mm (thickness) x 14650 mm (length). The main steam on exit from SHOH is 
transported to the high pressure turbine.  RHOH is the outlet header of the reheater which delivers the hot reheat 
steam to Intermediate pressure turbine with gross dimensions as 558.8 mm (OD) x 45 mm (thickness) x 14650 
mm (length). It operates under pressure of 49 kg/cm2 and 540°C. RHIH, the inlet header of the re-heater, 
receives the cold reheat steam exhausted from high pressure turbine with its gross dimensions as 406.4 mm (OD) 
x 15.2 mm (thickness) x 14650 mm (length). It operates under a pressure of 52 kg/cm2 and 355°C.  
The hot reheat pipe bends are in the hot reheat piping before intermediate pressure control valves with a 
design temperature of 540°C of 46.3 kg/cm2 conveying steam to its intermediate pressure turbine. Its dimensions 
are 508 mm (OD) x 30 mm (thickness) with a bend radius of 1200 mm. The material of these headers and pipe 
bends is ASME SA 335 P22 (low alloy ferritic steel). The importance of these components in an operating plant 
emerges from the concern of its critical function as a transporter of high-energy steam. To compute the 
temperature, stress intensities etc., the FE method is used for thermal and stress analysis of the components. The 
finite element model uses 3D iso-parametric 20-noded brick elements. Both transient thermal analysis and stress 
analysis are carried out in 3D domain. Elastic material constitutive model is used in the FE analysis. 
3. Piping load evaluation 
The system acquires component specific plant transients namely steam temperature, pressure and flow in the 
hot reheat piping to compute the creep and fatigue usage factors. The piping loads, namely, forces and 
moments on the component have been evaluated at design internal pressure, design fluid temperature and dead 
weights by stress analysis of the piping loop including the low pressure bypass line. They are used to compute 
fluctuating piping loads for its real-time computation. Fig. 1 shows the components of piping loads (at the two 
ends of the hot reheat pipe bend) separately for design temperature of 540oC and dead weight. 
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Fig. 1. Piping loads on hot reheat pipe bend used in the monitoring system. 
4. Creep and fatigue damage assessment computation 
The real-time monitoring system acquires fluid process parameters and computes heat transfer coefficients 
for the boundary of the component. The temperature distribution in the whole volume of the model at each time 
step is obtained by performing transient thermal analysis. Subsequently the stress analysis module computes 
thermal stresses in the component using the temperature profile derived from the transient thermal analysis and 
calculates stress distribution in the component considering the fluid internal pressure, temperature gradient and 
the piping loads at each time step. The stress-time history is converted to stress frequency spectrum using rain-
flow cycle algorithm. The fatigue usage factor is evaluated from the computed cycles and the material fatigue 
data using Miner’s life fraction rule. The usage factor due to creep using Robinson’s life fraction rule is 
evaluated from the computed temperature, stress histories and the material creep curve, as per procedure given 
in API code [3]. The total usage factor is then calculated by linearly superimposing the usage factor due to 
creep and fatigue as shown in Fig. 2. 
5. Creep-fatigue usage factor and remaining life assessment 
The damage assessment and remaining life computations are performed using their service period and the 
monitoring duration. The monitoring system has been installed after some periods of operation instead of 
implementing during the commissioning of the new plant. The logged-in data is extrapolated to compute the 
usage factor for the service life of the components on an assumption that the logged-in plant thermal-hydraulic 
parameters are representative of past plant history. Thus the total usage factor data due to creep and fatigue are 
subsequently extrapolated for the service life of the components by the monitoring system using on-line 
acquisition of process data. The contours of the stress intensity and usage factor due to creep and fatigue 
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obtained from finite element analysis of superheater outlet header, reheater outlet and inlet headers, and hot 
reheat pipe bend (left) before control valve under monitoring are depicted in Figures 3-6. 
 
Fig. 2. Various Stages of on-line creep-fatigue monitoring system BOSSES. 
 
Stress intensity 
 
Total creep and fatigue usage factor 
Fig. 3. Super-heater outlet header contours after 23847 hours of monitoring.  
 
Stress intensity  Total creep and fatigue usage factor 
Fig. 4. Re-heater outlet header contours after 23840 hours of monitoring. 
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Stress intensity Total creep and fatigue usage factor 
Fig. 5. Re-heater inlet header contours after 23656 hours of monitoring. 
 
Stress intensity (MPa) 
 
Total creep and fatigue usage factor 
Fig. 6. Hot reheat pipe bend contours before control valve (left) after 23838 hours of monitoring. 
The computed values of material temperature, maximum stress intensity and usage factor history at a shell-
nozzle junction of a superheater outlet header of a unit after 23847 hours of monitoring are shown in Figures 7 
and 8. The remaining life assessment of the components is subsequently performed on the cumulated usage 
factor and is shown for one of the units in Figure 9. 
 
Fig. 7. Recorded main steam temperature history over time. 
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Fig. 8. Computed material stress intensity, temperature, usage factor history at a shell-nozzle junction of superheater outlet header. 
Fig. 9. Remaining life assessment of the components under monitoring. 
6. Consumed creep life fraction assessment of super-heater outlet header 
Super-heater header, one of the critical components operating round-the-clock in the creep regime in a coal-
fired utility, is a thick cylinder with outer diameter of 406.4 mm and 75 mm thickness. It was found that one set 
of stub-header weld joints of the in-service header in higher heat flux zones of the boiler had indicated 
possibility of onset of crack as per ASME design code calculations on extrapolation of the usage factor after 
1,12,447 hours of operation. The header was taken up for surveillance programme as per the statutory 
requirement of IBR Act 391A of 1998 for its design life exhaustion. The cryogenic in-situ metallography 
technique [5] was adopted for assessment of accessible locations closest to the identified weld joints of the 
header [6-9]. The qualitative assessment using high resolution microscopy indicated that the creep cavities 
correspond to stage II of Neubauer’s classification diagram. To evaluate the extent of life exhaustion, the in-
situ replicated micrographs were quantified for accrued creep damages. Such re-inspection of the identified 
location would be conducted in the next four-five years. 
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7. Conclusions 
The implementation of a real-time monitoring system for estimating the creep-fatigue usage factors and 
assessing the integrity of the structure of critical components of thermal power plants will aid in minimising 
frequent off-line inspections and reducing operation and maintenance expenses. This will substitute the 
approach of the utilities performing inspection on the basis of past operation and maintenance experience 
which often cause unexpected failures. The present approach of monitoring critical components would be 
applied along with regular operation and maintenance planning and scheduling activities to provide a cost 
effective plant management and thereby reducing uneconomical decisions of arbitrary inspections. The 
evaluation procedure for creep and fatigue usage factor is according to relevant API and ASME codes. The 
predicted usage factors may be improved by the use of specific material data (i.e., mechanical, creep and 
fatigue properties) for the component under consideration along with the provision to account for the service-
related degradations. This has scope for future research. It is also being planned to extend the present damage 
monitoring system to all ageing critical components with updated material and component specific database. 
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